antispasmodic activity despite of its medicinal use in diarrhea and colic. This study reports the antidiarrheal and antispasmodic activities of the crude extract of S. officinalis, mediated possibly through voltage-dependent K + channel opening activity, which may explain the medicinal use of the plant in diarrhea and abdominal spasm.
Materials and Methods

Plant material
Aerial parts of S. officinalis were purchased from a local herbal store (Bin Menqash, Riyadh, Saudi Arabia) in March, 2011. The specimen was authenticated by Dr. Mohammed Yusuf, College of Pharmacy, King Saud University, Riyadh and the specimen has been preserved at the herbarium of the College of Pharmacy, King Saud University, Riyadh, Saudi Arabia and also at the Natural Product Research Unit, Department of Biological and Biomedical Sciences, Aga Khan University, Karachi, with voucher number So-AP-10-11-105.
Preparation of crude extract
The aerial parts of S. officinalis were soaked in the aqueous-methanol (30:70) for three days while shaking occasionally (Williamson et al., 1998) and filtered through muslin cloth and Whatman filter paper (Maidstone, UK) simultaneously. This procedure was repeated three times and all the filtrates were pooled and evaporated on a rotary evaporator (Model RE-111, Buchi, Flawil, Switzerland) under reduced pressure (-760 mm Hg) to obtain the crude extract, yielding approximately 15%.
Chemicals
Acetylcholine perchlorate (ACh), glibenclamide (Gb), 4-aminopyridine (4-AP), loperamide were purchased from Sigma Chemicals Company (USA). Chemicals used for making physiological salt solutions were: Potassium chloride (Sigma Co), calcium chloride, glucose, magnesium sulphate, potassium dihydrogen phosphate, sodium bicarbonate and sodium chloride (E. Merck, Darmstadt, Germany). All chemicals used were of the analytical grade available and solubilized in distilled water.
Experimental animals
Local breed rabbits (1-1.2 kg) and Balb-C mice (20-25 g) of either sex were kept at the Animal House of the Aga Khan University and maintained at 23-25°C. Animals were given tap water ad libitum and a standard diet consisting of (g/kg): Flour 380, fiber 380, molasses 12, NaCl 5.8, nutrivet L. 2.5, potassium metabisulfate 1.2, vegetable oil 38, fish meal 170 and powdered milk 150. Rabbits starved for 24 hours were sacrificed by blow on back of head and cervical dislocation. Experiments were performed in compliance with the rulings of the Institute of Laboratory Animal Resources, Commission on Life Sciences, National Research Council (NRC, 1996) and approved by the Ethical Committee of Research on Animals of the Aga Khan University.
Castor oil-induced diarrhea
Thirty Balb-C mice of either sex were randomly divided into four groups of five each and were housed individually in cages. All the animals had fasted for 24 hours before the start of the experiment. The first group received saline (10 mL/kg) orally and acted as negative control. The second and third groups respectively received 100 and 300 mg/kg of the crude extract. The fourth group served as a positive control and received loperamide (10 mg/kg). After 1 hour, each animal received castor oil (10 mL/kg, orally) through a feeding needle. After 6 hours of administration of castor oil, cages were observed for the presence of typical diarrheal droppings; the absence of diarrheal drops was noted as positive result, indicating protection from diarrhea (Jebunnessa et al., 2009; Shah et al., 2011) .
In vitro experiments
Gut preparations (jejunum) from rabbit (Shah et al., 2011) were obtained after sacrificing the animals through cervical dislocation. The abdomen was cut open, required tissues were identified and isolated out and the required segments of jejunum of 2-3 cm length were mounted in 10 mL tissue baths containing the Tyrode's solution, maintained at 37°C and aerated with a mixture of 5% carbon dioxide and 95% oxygen (carbogen). The composition of Tyrode's solution (mM) was KCl 2.68, NaCl 136.9, MgCl2 1.05, NaHCO3 11.90, NaH2PO4 0.42, CaCl2 1.8, and glucose 5.55 (pH 7.4). A preload of 1 g was applied to each tissue, and the contractile responses were recorded using isotonic transducer 50-6360 (Harvard Apparatus, Holliston, MA, USA) coupled with PowerLab (ML-845) data acquisition system (AD Instruments; Sydney, Australia) and a computer using chart software (version 5.3). The tissues were allowed to equilibrate for a period of 30 min, and then stabilized with a sub-maximal concentration of acetylcholine (0.3 µM). The tissues were presumed stable only after the reproducibility of the said responses. The spasmolytic effect of the crude extract of S. officinalis was measured as the percent change in jejunum spontaneous contractions.
To assess the involvement of K + channel opening (Gilani et al., 2006) and Ca ++ antagonist-like mechanisms (Bashir et al., 2011) , the spasmolytic effect of the plant extract was tested on low K + (25 mM) and high K + (80 mM)-induced contractions in the isolated rabbit jejunum preparations. Following a sustained contraction in response to K + , the test material was added in a cumulative fashion to obtain the concentration-dependent inhibitory responses. The relaxation of the tissue preparation was expressed as percentage of the control contraction mediated by the added spasmogen.
Statistical analysis
Data are expressed as mean ± standard error of mean (SEM, n = number of experiment) and the median effective concentrations (EC50) with 95% confidence intervals (CI). Chi-square (c 2 ) test was applied to differentiate the results in antidiarrheal activity assay. A p<0.05 is considered to be statistically significant. Concentration response curves (CRCs) were analyzed by non-linear regression using GraphPad program (GraphPad, San Diego, CA, USA).
Results
The crude extract of S. officinalis exhibited a dosedependent (100-300 mg/kg) protective effect against castor oil-induced diarrhea in mice. The negative control group (saline treated) did not show any protection against castor oil-induced diarrhea as expected. Pretreatment of animals with the plant extract, showed 40 and 80% protection from diarrhea at the respective doses of 100 and 300 mg/kg. Loperamide (10 mg/kg) showed complete protection from diarrhea (p<0.01 versus saline group) in the positive control group (Table I) .
The crude extract caused a concentration-dependent inhibition of the spontaneous contractions of rabbit jejunum at low doses with respective EC50 value of 0.4 mg/mL (0.9-2.1, 95% CI, n = 4) as shown in Figure 1 . When tested against low K + (25 mM) and high K + (80 mM)-induced contractions, the crude extract inhibited both types of contractions but was distinctly more potent against low K + with respective EC50 value of 0.12 mg/mL (0.1-0.2; n = 4) compared to high K + -induced contractions, with EC50 values of 2.3 mg/mL (1.8-2.9, n = 4) as shown in Figure 2 .
To assess the subtype of K + channels involved, the tissues were pretreated with two different K + channel antagonists. In the presence of 4-aminopyridine (4-AP, Table I Antidiarrheal activity of S. officinalis crude extract on castor oil -induced diarrhea in mice 
Discussion
Based on the medicinal use of Sage in diarrhea and abdominal spasm (Duke, 2002) , the crude extract of Sage was tested for its antidiarrheal and antispasmodic activities using the in vivo and in vitro assays. Our study demonstrated that the crude extract provides protection against castor oil-induced diarrhea similar to loperamide. Castor oil increases intestinal fluid contents and causes diarrhea indirectly through ricinoleic acid formation, which changes the electrolytes and water transport and generates enormous contractions in transverse and distal colon (Iwao, 1962) .
To investigate if the plant exhibits its antidiarrheal activity through inhibitory effect on gut motility, the plant extract was tested on the spontaneously contracting isolated rabbit jejunum preparations. It showed a dose-dependent inhibitory effect on spontaneous contractions, thus showing that the observed antidiarrheal effect of the plant extract appears to be mediated through the presence of some gut relaxant component(s) in it. In our earlier studies, we observed that the spasmolytic effect of medicinal plants is usually mediated through K + channel opening (Gilani et al., 2005 (Gilani et al., , 2006 or Ca ++ channel blockade (Bashir et al., 2011; Shah et al., 2011; Shah et al., 2011a) . To assess, whether the spasmolytic effect of the crude extract of S. officinalis was also mediated via similar mechanism(s), it was tested on low K + (25 mM) and high K + (80 mM)-induced contractions. Interestingly, the gut inhibitory effect of the plant extract against low K + -induced contractions was mediated at 10-30 times lower concentrations when compared with that obtained against spontaneous or high K + -induced contractions, indicative of K + channel opening activity (Gilani et al., 2005) . A substance that selectively inhibits the contractions induced by low K + (<30 mM) is considered a K + channel opener, while Ca ++ antagonists inhibit both low and high K + -induced contractions equally and these experiments allow us to distinguish K + channel opener from CCB (Hamilton et al., 1986; Kishii et al., 1992) .
In order to assess the specific type of K + channels involved in the gut inhibitory effect, the effect of plant extract on low K + was reproduced in the presence of glibenclamide, a blocker of ATP-dependent K + channels (Frank et al., 1994) and 4-Aminopyridine, a voltage dependent K + channels blocker (Okabe et al., 1987) . Glibenclamide was found to have negligible effect, while 4-AP almost completely inhibited the low K + -induced contractions suggesting that the antispasmodic effect of the plant extract is preferentially mediated through activation of voltage-dependent K + channels (Kv channels). All gut smooth muscles studied express Kv channels. Typically, Kv channels are minimally activated at the resting membrane potential (RMP) but make a small but finite contribution to the overall resting K + conductance (gK). Kv channels increase their probability of opening with membrane depolarization (Vogalis, 2000) . These results indicate that the spasmolytic effect of the crude extract is mediated through combination of the dominant voltage sensitive K + channels activation and weak Ca ++ antagonist mechanisms, which may be responsible for the antidiarrheal effect observed in the in vivo studies, though additional mechanism(s) cannot be ruled out. The presence of antimicrobial activity (Jalsenjak et al., 1987 ) is likely to play complementary role particularly in infectious diarrhea. K + channel openers are relatively new class of drugs that comprises of a diverse group of molecules with wide range of potential therapeutic uses, like gastrointestinal spasm, asthma, hypertension and urinary incontinence (Empfield et al., 1995; Mannhold, 2004) . These compounds open K + channels and cause membrane hyperpolarization through the increase in K + efflux, thus causing decrease in the intracellular free Ca ++ leading to smooth muscle relaxation (Cook, 1998; Quest, 1992; Lenz and Wagner, 1995) .
In conclusion, these data suggest that the crude extract of S. officinalis possesses antidiarrheal and antispasmodic activities, mediated possibly through the activation of voltage sensitive K + channels together with weak Ca ++ antagonist effect. Therefore, this study provides sound pharmacological basis for the medicinal use of S. officinalis (Sage) in hyperactive gut disorders, such as abdominal colic and diarrhea.
